AIm: To review our experience in the surgical treatment of TISH, and to analyze prognostic factors. mATeRIAL and meTHods: Clinical and imaging data, surgical modalities, and outcomes of 21 patients with TISH who were treated with microsurgery were analyzed retrospectively. Prognostic factors for outcome were analyzed by univariate analysis.
Surgical Management of Traumatic Interhemispheric Subdural Hematoma

Travmatik İnterhemisferik Subdural Hematomun Cerrahi Tedavisi
InTRoduCTIon
Traumatic interhemispheric subdural hematoma (TISH) is a rare clinical event in cases of traumatic brain injury (TBI), and the literature is restricted to a small number of clinical cases or individual case reports (1) (2) 4, (5) (6) (7) (8) (9) . One of the largest series was reported by Takeuchi et al (9) , who described the results of conservative treatment in 35 cases with TISH and reported a mortality rate of 29%. Controversy exists about the management of TISH, and reports on outcomes after TISH show mortality rates of 24% to 35% (2, 6, 9) . To our knowledge there are no large series reporting specifically on the results of the surgical treatment of TISH. We therefore aimed to review our experience in the surgical management of TISH by parasagittal craniotomy, and to analyze prognostic factors.
MATERIAl and METHodS
Out of 6,840 cases of TBI treated in our department from January 2000 to December 2010, we identified 21 (0.3%) cases with TISH that were treated surgically. Clinical data, imaging data, surgical modalities, and therapeutic outcomes of these 21 cases were reviewed retrospectively. The need for informed consent was waived by our institutional review board as this was an observational retrospective study without any study intervention.
All 21 patients underwent head computed tomography (CT) before surgery, including CT angiography (CTA) in 6 patients. Using the central sulcus as the demarcation, the interhemispheric fissure was divided into anterior and the posterior portions, and the location of the hematoma classified according to this differentiation. When the indication for surgery was determined, cranial flaps were planned along the sagittal sinus in all patients. In patients with hematomas in the anterior part of the interhemispheric fissure or in the entire interhemispheric fissure, surgery was performed through the space between the middle frontal vein and the frontoposterior vein, or between the frontoposterior vein and the anterior vein of the central sulcus ( Figure 1 ). In patients with unilateral hematomas, the hematoma was removed by ipsilateral craniotomy, while in patients with bilateral hematomas only the larger hematoma, or the hematoma causing significant dysfunction was removed (Figure 2A, B) . Hematomas in the interhemispheric fissure were removed gradually by adjusting the position of the head and the angle of the microscope. Special care was given not to retract or manipulate the brain tissue, and to protect the distal segment and branches of the anterior cerebral artery (ACA), the bridging veins beside the superior sagittal sinus, and the median longitudinal veins during the process of hematoma removal. Whether or not bone flaps were replaced after removing the hematoma depended on the preoperative Glasgow Coma Scale (GCS) score and intracranial edema of the patient. In 4 patients bone flaps were not replaced. Bilateral traumatic interhemispheric subdural hematoma before and after surgery. The 54-year female patient was injured while riding a bicycle. A) Head computed tomography 38 hours after injury showed bilateral interhemispheric subdural hematoma. Pre-operative Glasgow Coma Scale score was 11, with dysphasia. Muscle strength of the left lower extremity was grade I. B) The main intra-operative intent was to remove the right hematoma. As the left hematoma was small, it was not surgically removed. The patient's language ability and muscle strength of the right lower extremity restored to a normal level 3 months after injury.
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Outcomes were evaluated after at least 6 months (range 6 months to 9 years) according to the Glasgow Outcome Scale (GOS). Outcome was differentiated into favorable outcome (good recovery and moderate disability) and unfavorable outcome (severe disability, vegetative survival and death).
Statistical Analysis
Age, GCS, mean hematoma volume, hematoma thickness, and other quantitative parameters were statistically analyzed and expressed as mean ± standard deviation (SD). The correlation of clinical and radiological parameters with outcome was analyzed by Chi-square test and t test. Statistical assessments were considered significant when P<0.05. Statistical analyses were performed using SPSS 16.0 statistics software (SPSS Inc., Chicago, IL, USA).
RESulTS
Patient Characteristics
Characteristics of the study population are summarized in Table I . The causes of injury included traffic accidents in 14 cases, fall from height in 4 cases, and fall at ground level in 3 cases. Three patients had a confirmed history of alcohol consumption, one patient had a long history of using anticoagulants, and one patient had coagulation dysfunction as indicated by a low preoperative platelet count of 6.5×10 9 /L. The preoperative GCS score was 3 to 8 in two cases, 9 to 12 in six cases, and 13 to 15 in 13 cases. Unilateral lower extremity dysfunction was found in 14 cases, bilateral lower extremity dysfunction in three cases, and seizures in five cases.
CT examination showed a typical imaging presentation of a hematoma in the midline interhemispheric fissure area, adjacent to the cerebral falx, and often protruding to one side ( Figure 3 ). Bilateral hematomas were found in four cases ( Figure  4 ). Although only performed in six cases, CTA was helpful in identifying mass effects on the course of the pericallosal artery. An example is shown in Figure 5 , demonstrating that the distal segment of the anterior cerebral artery was pushed laterally by the hematoma. Sagittal reconstruction of the CT data provided good insight into the anteroposterior extent of the hematoma, and was thus found to be essential for planning surgery. The presence of a TISH was discovered on the initial CT scan in 11 cases, and by CT re-examination in 10 cases.
The hematoma was located in the anterior part of the interhemispheric fissure in five cases, in the posterior part in three cases, and in the entire interhemispheric fissure in 13 cases. The blood volume of the hematomas ranged from 40 ml to 70 ml. Isolated TISH was found in nine cases, and TISH was complicated with subdural hematoma in six cases, skull fracture in four cases (occipital fracture in two cases and frontal bone fracture in two cases), cerebral laceration in six cases, and subarachnoid hemorrhage in seven cases.
Surgical Treatment and Outcomes
Craniotomy was performed as an emergency procedure within 8 hours after injury in seven of the 21 TISH patients. Nine patients were initially treated conservatively, but later underwent craniotomy because of progression of neurological deficits or deterioration of consciousness. In five patients the indication for surgery was increased intracranial pressure (> 30 mm Hg) occurring within 4 days after injury.
At surgery the origin of the TISH hemorrhage could be clearly identified in all 21 cases (Table II) . It is noteworthy that rupture of the parasagittal bridging veins was not the main cause of the TISH hemorrhage, occurring in only one patient in our series. We consider it likely that in this patient the bridging veins may have ruptured due to enlargement of the hematoma, with subsequent stretching of the veins.
Outcomes were good recovery in 16 cases, moderate disability in two cases, severe disability in one case, and death in two patients. Early death occurred in one patient whose preoperative GCS score was 4 with a unilateral dilated pupil, and multiple systemic injuries. The patient received emergent surgery, but died later of brain stem failure. Delayed death after remaining in a vegetative state for 18 months occurred in a second patient who initially had a GCS score of 11. Craniotomy was performed later because of a decrease of the GCS score to 6. Intra-operative findings revealed diffuse cerebral swelling, and postoperative CT showed infarction in the area supplied by the ACA.
Prognostic Analysis
Univariate analysis of risk factors for unfavorable outcome showed that low GCS score and greater thickness of the interhemispheric hematoma were correlated with poorer outcomes (P=0.001 and P=0.004, respectively) ( Table III) . The lower the GCS score, the poorer the prognosis.
An association was also noted between the origin of the hematoma and outcome. Unfavorable outcome occurred in three of the six patients (50%) in whom hemorrhage was due to brain laceration along the interhemispheric fissure. Conversely, outcome was favorable in all 15 patients in whom the hematoma was caused by laceration of branches of the pericallosal artery or of the veins in the interhemispheric fissure.
dISCuSSIon
Our experience in the treatment of patients with TISH shows that careful surgical planning combined with the use of Many studies (1-2,5-6,10) have advocated that exacerbation of the clinical symptoms and signs should be the indication for surgery in patients with TISH. We suggest that surgery should be considered if: 1) progression of the clinical symptoms and signs, especially exacerbation of lower extremity weakness, occurs; 2) paralysis of both lower extremities is present; 3) there is persistent increased intracranial pressure (> 30 mm Hg); and 4) the hematoma volume is > 40 ml and/or the hematoma thickness is >15 mm. The reasons that the surgical outcomes were better in our study than in others (3,7) is likely due to the selection of patients, timing of surgery, and surgical techniques.
We consider meticulous planning and execution of surgery important, and suggest a number of recommendations for improving outcomes. 1) Determine which side of the longitudinal fissure the hematoma is on: TISH is usually on the contralateral side of the paralyzed side of the body; when the hematoma is near the cerebral falx the flax is usually flat and smooth, and pushes the brain tissue laterally; and the side of subarachnoid hemorrhage usually corresponds to the side of TISH. 2) On CTA, blood vessels are often displaced laterally by the TISH. 3) In cases of bilateral TISH, craniotomy is usually performed on the side of a larger hematoma. 4) The cranial flap should be performed where the hematoma is the thickest with the fewest bridging veins. 5) Determination of the bleeding source: in all cases in this series the source of bleeding was identified. In the process of removing the hematoma in the longitudinal fissure, bleeding vessels should be identified and meticulous hemostasis performed to prevent re-bleeding. The thickest area of the hematoma is often the point of bleeding, and special attention should be given to the reading of axial and sagittal CT images. 6) Hematoma removal is best performed with the aid of a microscope, and special attention should be given to avoid excessive manipulation or retraction of the brain tissue in the median interhemispheric fissure, and to protection of the veins and perforating arteries in the interhemispheric fissure. 7) Prevention of vasospasm should be considered, and after removing the hematoma the microsurgical techniques to preserve draining veins leads to good outcomes. Nevertheless, there are controversies regarding the management of TISH, particularly concerning indications for surgery. Bartels et al. (1) reported that there was no significant difference in outcomes between conservative therapy and surgical therapy for the treatment of TISH, while Psaltis et al. (7) reported that the mortality rate of surgical treatment was higher than that of conservative treatment. Takeuchi et al. (9) reported 35 cases of TISH treated conservatively, in whom the mortality rate was 29%. The authors believed that the surgical outcome should be good in patients with simple TISH in the interhemispheric fissure because it does not cause severe damage to the brain tissue.
Our findings are consistent with this opinion as outcomes were favorable in all cases with the bleeding origin identified as branches of the pericallosal artery or interhemispheric veins, while it was unfavorable in 50% of patients with cortical lacerations. One patient in our series initially remained vegetative for 18 months after surgery before dying. Pozzati et al. (8) reported two patients who deteriorated suddenly during conservative treatment, and intra-operative findings confirmed the rupture of the superior parasagittal bridging vein. Both patients died after surgery. Our experience in the surgical management of TISH showed that secondary deterioration is common, and subsequent surgery was required in 14 patients (67%) because of progressive neurologic deterioration or increased intracranial pressure. From the perspective that severe disability may result from neurologic deterioration, other authors have advocated aggressive surgical therapy in patients with TISH with signs of deterioration (1-2,5-6,10). In our opinion, treatment of TISH should be individualized. For patients with a small hematoma, or in whom clinical symptoms or signs are not apparent, conservative therapy is preferable. The favorable results and low mortality (10%) obtained with surgical treatment in our series, however, indicate that a more liberal approach to surgical indications may be warranted. longitudinal fissure cistern should be thoroughly irrigated to remove all blood clots. Irrigation with a papaverine solution may also be considered. 8) Prophylaxis for the prevention of seizures should be considered. Seizures occurred in five of 21 patients in our series, and this high incidence justifies the administration of anti-seizure medications.
As shown in Table III , the GCS score was closely correlated with the outcome (P=0.001), which is consistent with other reports (9) . In the three patients with poor outcomes, including one patient who was converted from conservative treatment to surgical treatment in the early period of the study, the preoperative GCS score was only 6.3±2.5. We suggest that the prognosis would be improved significantly if surgical intervention is initiated before the patient's condition deteriorates. Outcome was also closely correlated with the thickness of the interhemispheric fissure hematoma (P=0.004). The mean thickness of hematoma was 15.3±0.6 mm in patients with a poor prognosis in our series. The poorer outcome in patients with a thicker hematoma may not only have resulted from an increased mass effect and local toxicity of hemoglobin degradation products on the cerebral cortex, but may also have been the result of stretching of the parasagittal bridging vein due to the increased mass effect affecting the drainage of blood through the superficial cerebral veins.
We also found that outcome was related to the origin of the hematoma. Poorer outcomes were observed in patients in whom the hematoma was due to cortical lacerations. Identification of the source of bleeding is therefore also relevant from a prognostic perspective. In a review of the literature before 1995, Borzone et al. (2) found that most studies did not report a confirmed source of bleeding. The frequent occurrence of an arterial or venous origin of a TISH suggests that TISH is a different condition from an acute subdural hematoma over the convexity where the coexistence of cortical contusion is much more frequent.
Limitations
Several limitations of our study should be acknowledged. First, we have only reviewed our experience in the surgical management of TISH. Consequently, no inferences can be made concerning overall treatment results. Second, the number of patients included in our series is small. This underlines that the occurrence of TISH as post traumatic hematoma is a rare event. The low number of patients, and in particular the very low number of patients with an unfavorable outcome, confounds the possibility of an extensive prognostic
